The loss of commercial quality during storage and transportation of roses is one of the factors that reflect on production costs, leading producers to preventively apply harmful chemicals, mainly to hamper Botrytis cinerea development and reduce further losses. An alternative to increase flower longevity without contaminating the environment with harmful chemicals is the use of natural products, such as essential oils, which have fungistatic and insecticide properties, as well as low toxicity. The objective of this study was to evaluate the effect of essential oils on the vase life of Rosa cv. Avalanche: 12 treatments were tested, resulting from the combination of 5 types of essential oils plus the control in two cold storage periods (2 to 6 days) at 1 °C, 90-95% RH. The essential oils tested were eucalyptus, cinnamon, lemongrass and peppermint (1%), clove (0.1%), plus a control with distilled water. Application was made by spraying the flower buds. After storage at low temperatures, the flower stems were kept in a room (16 °C, 70% RH) during 10 days for evaluation. Flower stems stored for 2 days in a cold chamber showed better means for darkening, turgor and bent neck, as well as a lower weight loss by the stems. The application of lemongrass essential oil at 1% caused burns on the petals, compromising quality and pot life. The essential oils of peppermint and eucalyptus allowed flower quality maintenance until the 10th day of evaluation. It is possible to conclude that post-harvest spraying with peppermint or eucalyptus essential oil at 1%, combined with cold storage for 2 days, provided greater longevity and quality for cv. Avalanche roses. Keywords: Rosa sp., alternative control, cold storage, natural products,
INTRODUCTION
Essential oils are volatile compounds produced in different plant parts, widely used as fragrances in perfumes, aromatherapy and in the food industry; their application is still restricted in other purposes, such as flower postharvest (ISMAN, 2000) .
Essential oils play different roles when applied to plants: resistance to pests and diseases due to their fungistatic and insecticide properties, as well as low toxicity. In order to V. 23, N o . 2, 2017, p. 192-199 reduce the use of pesticides in agriculture, the interest in the possibility of applying essential oils for the control of pathogens has increased (DAFERRERA et al., 2000) .
The terpene-hydrocarbon complex, as well as their oxygenated derivatives, such as aldehydes, ketones, acids and esters, are responsible for the various effects produced by essential oils (SARTORI et al., 2011) . These compounds have been used as post-harvest protective agents due to their action as antagonists (WISNIEWSKI et al., 2001) . In roses, the effect of lemongrass, rosemary, horsetail, chamomile and basil oils has been observed in the protection against high numbers of pathogens, as well as evaluations of ginger and mint oils (SARTORI et al., 2011) .
One of the factors affecting the commercial quality of cut flowers is the incidence of fungi, mainly Botrytis cinerea, common in both planting and post-harvest storage and transport (ELAD, 1998) . The infestation of this fungus can shorten the shelf life of several products, causing large losses (TRIPATHI et al., 2008) . A higher fungal incidence is common during storage and transport, due to ethylene production, predisposing the flowers to infection. The use of products that inhibit ethylene production also reduces the incidence of Botrytis cinerea (ELAD et al., 2014) .
Another factor that affects the longevity of cut flowers is temperature, and this is one of the most important means for the preservation of flower stems, along with other factors such as available water, moisture and ethylene action. The reduction in post-harvest temperature extends the storage period and, consequently, the pot life of flowers (DIAS et al., 2005) . The parameters turgescence, darkening and bent neck are very important in the quality evaluation of flower stems. Turgescence is necessary for the development of flower buds and for the continuity of the metabolic activity in the cut flower (HASTENREITER et al., 2006) . Darkening may be related to water stress or low carbohydrate concentration (REID, 2002) and bent neck probably occurs due to the presence of bacteria that block xylem vessels and hinder water flow (WITTE and DOORN, 1988) , common processes in the senescence of cut flowers.
Studies on the application of essential oils to cut flowers associated with cold storage are still scarce, with a record of the unsuccessful use of rosemary oil and ginger oil in roses after harvest (BASTOS et al., 2016) . Therefore, the objective of this study was to evaluate the effect of different essential oils on the post-harvest longevity of Rosa cv. Avalanche, in two cold storage periods.
MATERIAL AND METHODS
Rosa cv. Avalanche flower stems produced in a protected environment of a commercial crop without any pre-or post-harvest treatment were harvested in the morning at commercial harvest time and standardized at 35 cm in length, with three pairs of leaves. The stems were placed in cardboard boxes with the base immersed in potable water and transported to the laboratory for a period of 3 hours.
The flower stems were treated with five types of essential oils plus the control, and stored in a cold chamber at 1 °C and RH 90-95% for 2 or 6 days, with the stem base immersed in water. The essential oils tested were: eucalyptus (Eucalyptus citriodora), cinnamon (Cinnamomum zeylanicum), lemongrass (Cymbopogon citratus) and peppermint (Mentha piperita), at 1%, and clove (Syzygium aromaticum) at 0.1%, sprayed on the flower stems. As a control, spraying was performed with distilled water. The essential oils (LASZLO ® ) were diluted in distilled water and 0.01% Tween 20 (SIGMA-ALDRICH ® ), and the pH of the solution was adjusted to 7.0. The flower stems were then placed in 2 L-plastic pots containing 500 mL of potable water and covered with transparent plastic film. The height of the water slide in the container was 8 cm.
After the storage period, the flower stems were kept in water and transferred to a laboratory room at a temperature of 16 °C and 70% RH (room temperature), remaining in these conditions for 10 days. Stem fresh weight and visual quality were evaluated every two days, water absorption was analyzed daily and sugar content was also determined. The fresh weight was evaluated by weighing the flower stems, and visual quality (darkening and turgescence of the petals, and peduncle angle), using the criteria established by Pietro et al. (2012) , according to Table 1 . Water absorption was evaluated by measurements of the actual volume in the plastic container in which the roses were held. In addition to these parameters, the total sugar content of rose petals was determined using the Anthrone Method (DISCHE, 1962). A completely randomized design (CRD) was used, in a factorial arrangement consisting of five essential oils and distilled water and 2 storage periods in a cold chamber. The plots were subdivided in time, counting with 6 evaluation dates. Two flower stems were used per plot, with 4 replicates. Data were analyzed using the SISVAR program (FERREIRA, 2011).
RESULTS AND DISCUSSION
It was observed that no significant interaction occurred, but the differences were observed separately among the studied factors. Stems stored at 1 °C for 2 days had, after removal from the cold chamber, a high water absorption in the first two days at room temperature, followed by the reduction in water consumption, under the conditions in which they were maintained (Figure 1) . Figure 1 . Water uptake in flower stems of roses cv. Avalanche treated with essential oils after storage for 2 and 6 days at 1 °C, 90-95% RH, and maintained at 16 °C, 70% RH for up to 10 days.
With the short shelf life at low temperatures, cold slows senescence and tissue deterioration due to reduced metabolism, thus decreasing respiration and, consequently, water absorption (CELIKEL and REID, 2005) . With the removal of flower stems from the cold chamber, it is possible to infer that there was a resumption of respiration rate, which favors the increase in water absorption in the first days, and subsequent stabilization.
Stems stored for 6 days at 1 °C showed a reduction in water consumption when maintained at 16 °C, possibly due to the long storage period in water, which may have favored the proliferation of microorganisms that block absorption and may have caused changes in conductive vessels. Water absorption is frequently impeded by obstructions caused by microorganisms and/or the formation of tylose and gels in conducting vessels (REID and JIANG, 2012) .
For the variable fresh weight, weight loss was similarly observed for the two storage periods tested (Figure 2 ). The decrease in fresh weight is due to the water loss by leaf stomata, besides the consumption of reserves (TORRE and FJELD, 2001) . It can be inferred that the treatments used did not influence the loss of fresh weight during the evaluations at room temperature. Flower stems stored for 2 days at 1 °C remained more turgid, compared to those maintained for 6 days at the same temperature (Figure 3 ). Plants maintained in cold chambers for long periods show an increase in ethylene production rates, as well as increased membrane permeability, leading to flower senescence (FARAGHER et al., 1984) . Similar results were observed in calla lily inflorescences removed from the cold chamber at 4 °C after 10 days of storage (ALMEIDA et al., 2008) . It was verified that, for turgescence, the treatment with lemongrass was not efficient in maintaining the quality of flower stems during the evaluation period (Table 2) . Averages followed by the same lowercase letter in the column and by the same capital letter in the row do not differ from each other by the Tukey test at 5% probability.
Spraying with this essential oil caused wilting in the flowers, since removal from the cold chamber, which intensified during subsequent evaluations. This result may be due to the high concentration of citral in lemongrass, about 70-85% (BASSOLÉ et al., 2011) , which caused burning on the petals that received this treatment. Citral is a mixture of isomers with an aroma characteristic of lemon in which its fungicidal action stands out, among its biological properties. The phytotoxicity of plant extracts is a factor to be considered since, in agreement with the results obtained with roses in this study, Brum et al. (2014) and Perini et al. (2011) also observed quality loss in watermelon and bean seedlings after spraying with lemongrass at concentrations of 2 and 4%.
The scoring analysis revealed that treatments with peppermint, cloves, eucalyptus and water exhibited the highest flower turgidity on the 10th day after storage at 1 °C (Table 2 ).
An intense darkening of flower buds was observed in flowers treated with lemongrass essential oil due to the burn caused on the petals (Figure 4 ). For the other oils at the concentrations used, no burning was observed on the petals. . Evaluation by rates of the darkening of stems of roses cv. Avalanche treated with essential oils after storage for 2 and 6 days at 1 °C, 90-95% RH, and maintained at 16 °C, 70% RH for up to 10 days.
Averages followed by the same letter do not differ by Tukey test at 5% probability.
Roses stored for 6 days at 1 °C showed more intense darkening after removal from the cold chamber, compared to those stored for 2 days ( Figure 5 ).
Stems stored at 1 °C for 6 days received lower scores for bent neck from the 8th day after removal from the cold chamber ( Figure 6 ). This fact is probably due to a greater infection by Botrytis cinerea, since the classic symptoms observed in relation to the action of this fungus were present in the peduncle region, thus causing benting, darkening and wilting of the flower buds. The incidence of the fungus Botrytis cinerea is characterized by reddish lesions at the edges of the flowers, which are later converted into brownish colored lesions, caused by enzymatic darkening due to loss of cell compartmentalization resulting from fungal incidence (ELAD, 1988) . . Rates attributed to the tipping of the peduncle of roses cv. Avalanche treated with essential oils after storage for 2 and 6 days at 1 °C, 90-95% RH, and maintained at 16 °C, 70% RH for up to 10 days.
Flower stems stored for 6 days at 1 °C had higher contents of total sugars throughout the evaluation period, with an increase from the fourth day onwards (Figure 7 ). The increase in total sugar content for stems stored for 6 days may have occurred due to the increase in the content of soluble solids by dehydration, once water absorption was lower for plants stored for 6 days in a cold room. -1 ) in rose cv. Avalanche petals treated with essential oils after storage for 2 and 6 days at 1 °C, 90-95% RH, and maintained at 16 °C, 70% RH for up to 10 days.
Analyzing the sugar content as a function of the treatments used (Figure 8) , it was observed that stems sprayed with essential oil, with the exception of clove, showed an increase in sugar content on the last day of storage. This can be attributed to the fact that dehydration occurred, causing the concentration of soluble solids, indicating that the plants gradually lost turgescence until the last day. Thus, it can be inferred that bud wilting resulted in the accumulation of sugars on the petals. -1 ) in rose cv. Avalanche petals treated with essential oils after storage for 2 and 6 days at 1 °C, 90-95% RH, and maintained at 16 °C, 70% RH for up to 10 days. Averages followed by the same letter within the same treatment did not differ among themselves by the Tukey test at 5% probability.
The flower stems showed reddish lesions on the edges of the flowers, converting into brownish lesions, a characteristic symptom of the incidence of Botrytis cinerea (ELAD, 1988) . Visually, it was observed that these symptoms were reduced in flower stems that received the application of eucalyptus essential oil.
Many rose producers spray chemical pesticides after harvesting the roses to extend longevity and avoid fungal incidence, especially Botrytis cinerea, which is quite common in the postharvest of this species. The results of this study corroborate those observed by other authors, that show the possibility of using natural microbial antagonists as an alternative to the products conventionally used. The application of natural substances against post-harvest pathogens contributes to the reduction in the indiscriminate use of these potentially toxic chemical pesticides (WISNIEWSKI et al., 2001 ).
CONCLUSIONS
Roses stored for 2 days at 1 °C have higher quality than those stored for 6 days, after 10 days of evaluation.
The lemongrass essential oil at 1% causes burns on the petals, compromising quality and pot life.
Spraying with peppermint and eucalyptus on stems of Avalanche rose cultivar favors the maintenance of flower quality until the tenth day of evaluation.
